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SUMMARY: The surface glycoproteins of the platelet plasma membrane were labeled 
by oxidation with galactose oxidase followed by reduction with (3H)-sodium 
borohydride. Of the glycoproteins labeled, only glycoprotein V (apparent mole- 
cular weight of 89,000) was decreased as a result of thrombin action. The 
affected glycoprotein appeared to be completely removed at a concentration of 
1 U thrombin per 109 platelets. A soluble glycopeptide hydrolytic product with 
an apparent molecular weight of 70,000 was released into solution. 

INTRODUCTION 

The mode of interaction of thrombin with cells is developing into a question 

with broad biological interest. It has been known for some time that this proteo 

lytic enzyme is one of the most important - and most potent - stimulators 

of platelets during hemostasis and thrombosis. More recently, it has been 

shown that thrombin is also a potent mitogenic agent for mammalian cells (1). 

In all cases, these activities of thrombin appear to be dependent upon its 

proteolytic activity since blocking of active site serine inhibits activity 

(1, 2). Further, serine proteases with related specificity, e.g., trypsin, 

mimic these activities of thrombin (3, 4). 

Studies of the mechanism of proteolytic stimulation require identifica- 

tion of the proteolytic receptor site. To date, the reports concerning 

these receptor sites on mammalian cells grown in culture have been con- 
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flitting (5-7). Likewise, the thrombin proteolytic receptor on platelets 

has been the subject of much debate (8-11). In a previous report (12), we 

showed that one of the glycoproteins iodinated by lactoperoxidase on intact 

platelets was altered by thrombin treatment. However, only 30% of this com- 

ponent could be removed even at the high thrombin concentration used. In 

addition, hydrolysis during removal was not demonstrated since no hydrolytic 

product was identified. Recently, we showed (13) that there are more glyco- 

proteins in the platelet plasma membrane than previously recognized. Using 

improved electrophoretic techniques , we were able to resolve the membrane 

glycoproteins. As reported herein, we are now able to separate the glyco- 

protein proteolytic substrate for thrombin from other membrane glycoproteins 

and show that thrombin removes this substrate from the membrane surface. The 

glycopeptide hydrolytic fragment was also identified. 

MATERIALS AND METHODS 

Platelets were isolated from fresh human blood (14) and labeled by the 
galactose oxidase procedure (15). Briefly, log washed platelets were 
suspended in 1 ml Tyrode's solution and incubated for 15 min with 10 units* 
V. choZerae neuraminidase (Schwarz Mann Biochemicals), for 5 min with 3.25 
units* galactose oxidase (Worthington Biochemicals, further purified by the 
method of Hatton and Regoeczi (16) to a specific activity of 830 units mg-1 
protein), and finally for 5 min with 0.5 mCi NaL3HlBH4 (Research Products 
International, 15 Ci millimole-1). All incubations were at 37O and the 
platelets were washed once between each incubation. 

The labeled platelets were suspended in 1 ml of a buffer containing 0.15 
M NaCl, 0.01 M Tris, and 0.001 M EDTA, pH 7.6, and treated with 1 N.I.H. unit 
human thrombin at 37O for 15 min. The thrombin used (a gift from Dr. J. W. 
Fenton) had a specific activit of 2,800 N.I.H. units mg-1 protein; one N.I.H. 
unit equals approximately lo- l! moles of active enzyme. The platelets were 
removed from solution by centrifugation, washed once, and solubilized in 
sodium dodecyl sulfate (17). The platelet polypeptides (40 pg protein) were 
separated by electrophoresis according to Laemmli (18) and stained with 
Coomassie blue (17). The tritium distribution in the dried gels was obtained 
by fluorography according to the method of Bonner and Laskey (19). 

Serotonin secretion was determined by the radioactive method previously 
described (20, 21). Washed platelets (2 x log) were suspended in 5 ml of a 
buffered salt solution containing 130 mM NaCl, 3 mM KCl, 0.06 mM CaC12, 0.02 
mM MgC12, 26 mM N-tris(hydroxy1 methyl)methyl P-amino ethane sulfonic acid 
(Sigma Chemical Co.) and 25 mM glucose, pH 6.8. We then added 114C1 serotonin 
(Amersham-Searle, 55 Ci mole-l) to a final concentration of 0.85 nM and incu- 
bated the solution for 1 hr at 180 with occasional agitation. After two washes, 

* The definitions of galactose oxidase and neuraminidase units were as described 
by the suppliers. 
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TABLE I 

Effect of Galactose Oxidase Labeling on Thrombin-Induced Secretion 

% 14C-Serotonin Secreted 

Platelet Treatment 

Labeling Incubations: 
Neuraminidase 
Galactose Oxidase 
Na13HlBH4 

Labeled Platelets Control Platelets 

__- 
2" _-- 
3 --- 

Thrombin Incubations*: 
Control (minus thrombin) 
Thrombin treated 468 

7 
48 

(1 unit ml-l thrombin) 

*Determined after 5 min incubations. 

the platelets were suspended to a concentration of 109 ml-l in the tris-saline- 
EDTA buffer. The release reaction was initiated by adding thrombin to 0.5 ml 
samples and incubating at 370. At the end of the incubations, ihe solution was 
centrifuged for 0.5 min in a Beckman microcentrifuge and the l1 Cl 
in an aliquot of the supernatant was counted. Serotonin release was also 
monitored after each incubation in the labeling procedure. 

RESULTS AND DISCUSSION 

Our approach to identifying the proteolytic substrate on the membrane 

surface was to radioactively label the membrane surface glycoproteins and 

determine which of these were hydrolyzed by thrombin. The labeling method 

employed oxidation by galactose oxidase followed by reduction with [3Hl- 

sodium borohydride introducing tritium onto the number six carbon of 

pentultimate galactose residues (15). The labeled platelets were found to 

aggregate to ADP, collagen and thrombin like unlabeled platelets. In 

addition, the serotonin stored in platelet granules was not released during 

labeling but was secreted in response to thrombin (Table 1). It thus appeared 

that the platelets were not damaged by the labeling process. More platelet 

glycoproteins were identified by the galactose oxidase labeling procedure 
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Figure 1 - Effect of thrombin on platelet membrane glyeoprotein V. Washed 
platelets from two donors (lanes l-4 and 5-8, respectively) 
were labeled by the galactose oxidase/Na13HlBH4 procedure, 
incubated either with (lanes 2, 4, 6 and 8) or without (lanes 
1, 3, 5 and 7) thrombin and collected by centrifugation. The 
platelet polypeptides were solubilized in sodium dodecyl sulfate 
and separated by electrophoresis in 7.5% acrylamide slab gels. 
The polypeptides in lanes 1, 2, 7 and 8 were stained with 
Coomassie blue; lanes 3 and 4 are fluorograms of lanes 1 and 2 
and show the tritium distribution in the gel; lanes 5 and 6 
are fluorograms of lanes 7 and 8. The molecular weights 
indicated refer to the positions of the molecular weight 
standards platelet myosin, 8-galactosidase, bovine serum al- 
bumin, ovalbumin and chymotrypsinogen A, respectively. The gels 
from the two donors were electrophoresed to different lengths. 

(Figure 1, lanes 3 and 5) than have been observed by periodic acid-Schiff 

staining (17). Glycoproteins V (Mr = 89,000), VI (Mr = 61,500), VII (Mr = 

54,000), VIII (Mr = 47,000), and IX (Mr = 44,000) have not been previously 

described. This labeling method was based on enzyme-catalyzed modifications 

and presumably modified components only on the membrane's outer surface 

(15, 22). Indeed, all of the labeled glycoproteins were isolated at a higher 
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specific activity with the plasma membrane, and trypsin and chymotrypsin 

hydrolyzed all the labeled membrane glycoproteins of intact platelets, with 

the exception of glycoprotein IV (D. R. Phillips and P. P. Agin, unpublished 

results). 

Figure 1 also shows the effect of thrombin on labeled platelets from 

two donors. The Coomassie-stained gels in this figure show that thrombin 

caused one major change in the polypeptide composition of the platelet; a 

decrease in the glycoprotein TSP*. This observation has previously been 

reported on unlabeled platelets (lo), and on platelets that had been iodinated 

by the lactoperoxidase procedure (12). It appears that this glycoprotein is 

located within platelet granules (17); when secretion is induced by thrombin, 

TSP is released to the outside of the cell. 

Only one of the membrane glycoproteins labeled by the galactose oxidase 

procedure was affected by thrombin. This glycoprotein, V, showed a marked 

decrease in concentration. The loss of glycoprotein V appeared to be 

complete at the ratio of 1 N.I.H. unit of thrombin to 10' platelets since 

no further changes were observed when the thrombin concentration was increased 

to 10 N.I.H. units/log platelets. 

We next wanted to determine whether glycoprotein V was hydrolyzed or 

released intact from the membrane surface. Figure 2 shows an electrophoretic 

analysis of the polypeptides in the supernatant fraction after the thrombin- 

treated platelets were removed from solution by centrifugation. Several poly- 

peptides were observed which were not present in the control (minus thrombin). 

Most of these were due to polypeptides in the thrombin preparation. One 

polypeptide (Mr = 64,000) was released from the platelet because of thrombin. 

Polypeptides are released from intracellular organelles following thrombin 

stimulation (23), and this polypeptide may be one of them. Alternatively, 

the Mr = 64,000 polypeptide could be a plasma membrane component not labeled 

by the galactose oxidase procedures. 

* Abbreviations: TSP, thromb 
sulfate. 

in sens itive protein (10); SOS, sodium dodecy 1 
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Figure 2 - Identification of a thrombin-induced gZycopeptide hydrolytic 
product. Labeled platelets were treated with thrombin and 
removed from solution by centrifugation. An aliquot (100 ~1) 
of the supernatant was mixed with 50 ~1 of the SDS containing 
sample buffer and subjected to electrophoresis in 10% acrylamide 
slab gels. Lane 1, 5 pg thrombin; lane 2, control supernatant 
(minus thrombin); lane 3, supernatant of thrombin-treated plate- 
lets. The polypeptides in lanes l-3 were stained for protein; 
lanes 4 and 5 are fluorograms of lanes 2 and 3. 

The fluorograms of gels of the soluble fraction in Figure 2 show that 

one radioactive component (Mr = 70,000) was released from the labeled 

platelets by the action of thrombin. Since the Mr = 70,000 glycopeptide 

contained tritium, it appeared to be derived from the plasma membrane. No 

glycoprotein with this apparent molecular weight was labeled by galactose 

oxidase treatment of intact platelets, indicating that this was a new mole- 

cular species. This glycopeptide was present in the soluble phase only when 

the amount of platelet-bound glycoprotein V was decreased, indicating that 
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the Mr = 70,000 glycopeptide was a hydrolytic product; of glycoprotein V. 

This is the first indication that thrombin acts proteolytically towards 

platelet membrane glycoprotein. The presence of the radioactive glycoprotein 

with a molecular weight similar to glycoprotein Ib was most ‘iikely due to a 

small amount of platelets in the supernatant. 

In previous studies (12), we examined the effect of thrombin on plate- 

lets which had been labeled by lactoperoxidase-catalyzed iodination. Using 

5% acrylamide gels containing phosphate buffers, we found that one polypeptide 

was specifically affected by thrombin. This electrophoretic method was not 

able to resolve the affected glycoprotein from other membrane glycoproteins. 

In the present study, however, the combination of galactose oxidase/Na[3HlBH4 

labeling and the electrophoretic gel system of Laemmli permitted resolution of 

the effected glycoprotein, now termed V, from other membrane components. 

The apparent molecular weight determined in the present study (89,000) differs 

from our previous value (118,000) and most likely reflects the anomolous 

electrophoretic mobilities of glycoproteins on different gel systems (24). 

Studies from several laboratories have shown the existence of more than 

one class of thrombin receptors on the platelet membrane surface (25-27). 

The present results indicate that glycoprotein V may be one of these 

receptors. Further studies are required, however, to determine if glyco- 

protein V hydrolysis causes thrombin-induced platelet stimulation. 
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